Pain can be modulated by several contextual factors. For example, simply viewing one's own body can reduce pain, suggesting that the visual context may influence the processing of nociceptive stimuli. We studied changes in electroencephalographic (EEG) oscillatory activity related to visual modulation of nociception, comparing cortical oscillations during innocuous or noxious contact heat, while participants viewed either their own hand or a neutral object at the same location. Viewing the body compared with viewing the object reduced the intensity ratings of noxious stimuli, but not of innocuous heat. Time-frequency analysis of EEG data revealed that noxious, as opposed to warm, stimulation was associated with reduced beta (15-25 Hz) power. Classically, such decreases in oscillatory power indicate increases in sensory cortical activation. These event-related oscillatory changes were moreover modulated by the visual context; viewing one's own body increased noxious stimulation-induced beta oscillatory activity bilaterally, relative to viewing a neutral object, possibly indicating inhibition of cortical nociceptive processing. These results demonstrate that visual-nociceptive interactions involve changes in sensorimotor EEG rhythms.
Introduction
Pain is a complex subjective experience, strongly dependent on contextual factors, such as attention, expectancy, and motivation (Wiech et al., 2008) . Multisensory inputs also modulate pain (Legrain et al., 2012) . For example, simply looking at one's own body relative to an object can reduce pain levels (Mancini et al., 2011 , and the N2/P2 complex of laser-evoked potentials (Longo et al., 2009) . The neural basis of this multisensory modulation is not fully understood.
Interactions between visual and somatosensory brain areas could mediate the modulatory effect of viewing the body on nociception. A recent functional magnetic resonance imaging experiment (Longo et al., 2012) reported reduced laser-induced activity in the ipsilateral primary somatosensory cortex and contralateral operculoinsular cortex during the visual context of seeing the body. The study also showed increased functional coupling between visual and parietal areas that are activated by the visual perception of one's own body, including the 'extrastriate body area' in the lateral occipital cortex (Downing et al., 2001) , and areas activated by painful laser stimulation.
In the present study, we investigated whether synchronization of neuronal populations may underlie such visual-nociceptive interactions, by studying visual modulation of induced sensorimotor electroencephalographic (EEG) oscillations. Event-related desynchronization and synchronization are generated by reciprocal coupling between excitatory and inhibitory neurons (Hari & Salmelin, 1997) , and are thought to reflect periods of high vs. low cortical activation or cortical excitability respectively (Neuper et al., 2006) . Specifically, nociceptive processing is often associated with suppression of alpha and beta rhythms in the contralateral somatosensory cortex, indicating early activation of these regions by ascending nociceptive signals (e.g. Crone et al., 1998; Mouraux et al., 2003; Ploner et al., 2006b) . Multisensory interactions can also be reflected in changes of local and long-range neural oscillations. For example, neuronal synchronization in the beta band is also associated with crossmodal processing, particularly in paradigms of passive stimulation (for a review, see Senkowski et al., 2008) .
Here, we investigated the effect of multisensory modulation on nociceptive-induced EEG oscillations. We hypothesized that viewing the body would reduce or inhibit the response to nociceptive stimuli in somatosensory areas. We therefore conducted two EEG experiments comparing the perception of innocuous or noxious contact heat in two visual contexts -during vision of one's own hand or of a neutral object at the same spatial location. In Experiment 1, slow ramps of thermal stimulation were administered unpredictably in an event-related design. To preview our findings, viewing the hand relatively to viewing the object increased stimulus-induced alpha and beta oscillations for both noxious and innocuous thermal stimuli.
However, the unpredictable nature of the stimulation in this experiment did not allow us to distinguish whether this visual effect on electroencephalography was related to nociceptive processing or to pain expectation. Therefore, in Experiment 2, innocuous warmth and noxious heat were presented in a blocked design, so that participants knew in advance which level of thermal stimulation would be used throughout the block. In this case, increased beta power was found selectively for noxious stimuli.
Experiment 1

Materials and methods
Participants
Ten healthy right-handed individuals (mean age 25 years, range 19-32 years) participated for payment. Informed consent was obtained from all participants. The study was approved by the University College London ethics committee and conducted in accordance with the principles of the Declaration of Helsinki.
Stimuli and procedure
We used the mirror box technique (Ramachandran et al., 1995) to induce the visual illusion that the participant's right hand, reflected in a mirror aligned with their sagittal plane, was actually their stimulated left hand. This technique was used in order to keep gaze direction and spatial attention constant between the two visual conditions. A fake thermode probe was applied to the right hand simultaneously, to avoid possible perceptual conflict. Similar visual modulation of somatosensation has previously been shown to occur either when gazing directly at the stimulated hand, or when the mirror box is used (e.g. Kennett et al., 2001; Longo et al., 2008) . Thus, the present set-up can be taken as equivalent to participants' direct vision of their left hand. A questionnaire administered after the experiment confirmed that participants felt that they saw their left hand in this condition (Longo et al., 2009) and therefore that the illusion provided by the mirror was successful.
Participants sat at a table, with the left hand behind the mirror and the right hand in front, gazing towards their left hand (see Fig. 1A ). The tips of the index fingers were 20 cm from the mirror. Two visual conditions, 'hand-view' and 'object-view', were presented in different blocks in an ABBA order (initial condition counterbalanced across participants). In the 'hand-view' condition, participants looked into the mirror towards their left hand, and saw the reflection of their right hand. In the 'object-view' condition, the right hand was occluded by a box, and participants saw the reflection of an approximately hand-sized wooden block placed on top of it (approximately 3 cm above the hand).
Thermal stimulation was delivered to the fingertip of the index or middle finger of the left hand by a 13 mm diameter Peltier-type thermode (NTE-2A; Physitemp Instruments Inc.). A mechanical arm held the probe in position throughout the experiment, at constant contact pressure. On each trial, the probe temperature was initially set at normal skin temperature (32°C), maintained for 3-5 s. During this baseline period, participants continuously looked at either their hand or the object. The temperature was then gradually increased during an 8 s ramp to unpredictably reach a final stimulus temperature, either in the innocuous warmth (38, 39, 40°C) or in the noxious heat (46, 47, 48°C) range, in randomized order. These temperatures were chosen as appropriate to stimulate C-(warmth range) and A-delta fibers (pain range) in the glabrous skin of the hand (Gybels et al., 1979 ). The final temperature was then maintained at a steady level for 4 s, until a beep marked the end of the trial (Fig. 1A) . Vision of the hand/object was maintained throughout the trial. Each condition was repeated 40 times.
The skin temperature was measured by an infrared thermometer at the beginning of 10% of the trials selected at random, to check that it remained stable across the session (average SD across trials 1.1°C, SD across subjects 0.4°C).
Electrophysiological recordings
A SynAmps 2 amplifier system and SCAN 4.3 software (Neuroscan, El Paso, TX, USA) were used to record EEG data. Twenty-six scalp electrodes were recorded (FP1, FP2, F3, Fz, F4, T7, C5, C3, Cz, C4, C6, T8, CP5, CP3, CPz, CP4, CP6, P7, P5, P3, Pz, P4, P6, P8, O1 and O2), according to the 10-20 International EEG System. The online reference electrode was AFz and the ground electrode was placed on the chin. Electrode impedances were kept below 5 KO. The left and right mastoids were also recorded and used for offline re-referencing. The horizontal electroculogram was recorded from bipolar electrodes placed on the outer canthi of each eye, and the vertical electroculogram was recorded from bipolar electrodes placed above and below the right eye. EEG signals were amplified and digitized at 500 Hz.
Electroencephalographic analyses
The EEG data were preprocessed with EEGLAB (http://sccn.ucsd. edu/eeglab/) (Delorme & Makeig, 2004) . Data were downsampled to 250 Hz, and re-referenced to the average of all of the sensors. Epochs of 14 s were extracted from the raw EEG data from 2 s before to 12 ms after the onset of the ramp. Epochs containing stereotyped artifacts were corrected using blind source separation with independent component analysis (Jung et al., 2000) . Further epochs (mean AE SD, 5.97 AE 6.48%) were rejected by visual inspection, on the grounds of eyeblinks and movements.
The EEG oscillations were quantified using SPM8 (http://www. fil.ion.ucl.ac.uk/spm/software/spm8/). A complex Morlet wavelet decomposition of the EEG signal with seven wavelet cycles using a variable time window length was performed across a 2-30 Hz frequency range, in steps of 1 Hz. The wavelet decomposition was performed for each trial, sensor, and participant. The power at each frequency was logarithmically rescaled (LogR in SPM8) for a baseline period defined as the 2 s immediately before the onset of the stimulus ramp. For analyses of the EEG activity during the visual baseline period (vision of the hand/object before the start of the thermal ramp), absolute, uncorrected, power was used. Time-frequency data were averaged across trials of the same task type to produce an average time-frequency map for each sensor and for each condition.
Given that the purpose of this study was to investigate modulations of somatosensory alpha and beta oscillations (Crone et al., 1998; Mouraux et al., 2003; Raij et al., 2004; Hauck et al., 2007; Stancak et al., 2007) , time-frequency data at two electrodes of interest (C3 and C4) were averaged across two frequency bands of particular interest, alpha (8-13 Hz) and beta (15-25 Hz), for each participant. Factorial ANOVA was performed on both the absolute and baseline-corrected alpha and beta power, comparing the effects of visual context (hand, object), stimulus intensity (innocuous warmth, noxious heat) and hemisphere (contralateral, C4; ipsilateral, C3). The event-related design of our experiment allowed us to independently investigate two different effects on electroencephalography, i. e. the effect of viewing the hand or object, and the effect of noxious or innocuous thermal stimulation.
Results
Pain intensity ratings
The ANOVA on intensity ratings revealed significant main effects of visual context (F 1,9 = 5.80, P = 0.039) and stimulus intensity (warmth vs. noxious heat, F 1,9 = 47.07, P < 0.0001), as well as an interaction of these factors (F 1,9 = 5.90, P = 0.038). Viewing the hand significantly reduced the subjective intensity ratings for noxious stimuli (t 9 = 2.58, P = 0.032), as compared with viewing a neutral object (Fig. 1B) . In contrast, visual context did not influence the perceived intensity of innocuous warm stimuli (t 9 = 0.03, P = 0.979). These results replicated previous findings of visuallyinduced analgesia (Longo et al., 2009 (Longo et al., , 2012 Mancini et al., 2011) .
Electroencephalographic oscillations during vision
We investigated the effect of visual context on spontaneous oscillations during the 2 s prestimulus baseline period, using a 2 9 2 ANOVA on the absolute power with factors of hemisphere and visual context.
In the alpha band, viewing the hand reduced absolute spectral power (F 1,9 = 10.45, P = 0.010), relative to viewing the object. The main effect of hemisphere and the interaction between hemisphere and context were not significant (both F < 1).
The beta absolute power was similarly modulated by the visual context (F 1,9 = 6.85, P = 0.028). As in the alpha band, the main effect of hemisphere and the interaction context by hemisphere were not significant (both F < 1). This indicates that viewing the body relatively to an object suppresses bilaterally alpha and beta oscillations over somatosensory areas.
Stimulus-induced electroencephalographic oscillations -alpha band (8-13 Hz)
These analyses used measures of relative EEG power during the steady phase of innocuous/noxious stimulation, with baseline correction for the visual prestimulus period. An ANOVA with factors of visual context, hemisphere and stimulus intensity was applied.
Viewing the hand increased stimulus-induced alpha-band power (mean AE SEM, 1.65 AE 0.41 dB) compared with the object-view condition (mean AE SEM, 0.42 AE 0.32 dB; visual context: F 1,9 = 33.24, P < 0.0001). The alpha power was lower for noxious compared with innocuous stimuli (stimulus intensity: F 1,9 = 11.86, P = 0.007), suggesting an inverse relation between sensory intensity and EEG oscillations. The main effect of hemisphere did not reach the level of significance (F 1,9 = 3.92, P = 0.079). Finally, no interaction was significant (hemisphere by context: F 1,9 = 2.03, P = 0.188; hemisphere by intensity, context by intensity: F < 1; hemisphere by context by intensity: F 1,9 = 2.43, P = 0.153), indicating that the effects of stimulus intensity and visual context were independent and bilateral (Fig. 2) .
Stimulus-induced electroencephalographic oscillations -beta band (15-25 Hz)
Viewing the hand (mean AE SEM, 0.68 AE 0.14 dB) increased beta oscillations compared with viewing the object (mean AE SEM, À0.28 AE 0.14 dB; visual context: F 1,9 = 36.85, P < 0.0001). As in the alpha band, noxious heat reduced beta oscillations, relative to innocuous warmth (stimulus intensity: F 1,9 = 10.67 P = 0.010). The main effect of hemisphere did not reach the level of significance (F 1,9 = 4.15, P = 0.072), and there were no significant interactions (all F < 1; see Fig. 2 ).
Discussion
Experiment 1 yielded three main findings regarding the multisensory modulation of EEG rhythms over the centro-parietal cortex. (i) Viewing the body modulated spontaneous oscillations, reducing absolute power in the alpha and beta band, during the baseline period before thermal stimulation; (ii) noxious heat reduced both alpha and beta spectral power in comparison to innocuous warmth, possibly reflecting increased bilateral activation of the centro-parietal cortex with more intense thermal stimulation; and (iii) thermally-induced alpha and beta power were relatively enhanced, during vision of one's own hand in comparison to a neutral object.
Experiment 1 shows modulations of alpha and beta oscillations that were selective for the visual condition of viewing the body, but were not selective for the intensity of the thermal stimulation. In contrast, the reduction of pain ratings was specific for noxious stimuli. In the event-related design of Experiment 1, the occurrence of pain at the end of the thermal ramp was unpredictable. For this reason, it is possible that EEG modulation for innocuous stimuli might also be introduced by expecting pain that could develop if the ramp were to be continued.
Therefore, in a second experiment we investigated whether the effect of viewing the body on EEG oscillations induced by innocuous stimuli reflected modulation of thermal processing, or pain expectation.
Experiment 2
In Experiment 2, the level of thermal stimulation remained constant throughout a block, and participants were informed of the stimulation level by a cue at the beginning of the block. In contrast, the visual context was now randomized across trials. Each trial was cued for the presence of innocuous or noxious heat, and consisted of three periods -a dark period, unpredictable visual presentation of the hand/object, and visual context plus cued thermal stimulation. This design was chosen in order to provide separate estimates of the EEG effects of thermal stimulus expectation, vision of the hand/ object, and thermal stimulus-induced activity.
Materials and methods
Participants
Eleven healthy right-handed individuals participated in Experiment 2 (mean age 23 years, range 19-30 years) for payment.
Stimuli and procedure
Participants sat at a table, gazing towards their left hand that was placed behind a two-way mirror (see Fig. 3A ). The tips of the index fingers were 20 cm away from the mirror. Innocuous and noxious thermal stimuli were presented in separate alternated blocks, with the initial condition counterbalanced across participants. At the beginning of each block, participants were verbally informed whether the stimulus temperature for that block would be warm or hot. During every trial, computer-controlled LED lights projecting either the left or the right side of the two-way mirror allowed vision of the left hand, or of a hand-sized wooden block, respectively. The timeline of the trial is presented in Fig. 3A ; after 2 s of darkness, the light was switched on and participants looked for 2 s at either the left hand or the reflection of the object onto the mirror. The probe was then applied to the left hand dorsum. Both the probe and the lights were maintained on for a further 3 s. After that time, the lights were switched off, the probe removed, and the subjects were asked to rate the intensity of the stimulation from 0 (no sensation) to 100 (worst pain imaginable).
Whereas in Experiment 1 the probe was in contact with the hand throughout the entire trial, and the temperature was adjusted by a slow increase, in Experiment 2 the participants saw the thermode approaching the hand, and the temperature was maintained constant throughout the contact with the skin. The temperatures selected were the same as in the steady phase of Experiment 1.
The two visual contexts were presented in random order and were never cued. Thirty trials were administered per condition. A block of practice was given at the beginning of the experiment, to familiarize participants with the intensity of the stimulation, and was discarded from statistical analyses. The skin temperature was measured by an infrared thermometer at the beginning of 10% of the trials, selected at random, to check that it remained stable across the session (average SD across trials 0.5°C, SD across subjects 0.3°C).
Electroencephalography
The EEG recordings and analyses were equivalent to Experiment 1, except for the fact that 19 scalp electrodes were used (FP1, FP2, F3, F4, T7, C3, Cz, C4, T8, CP3, CPz, CP4, P7, P3, Pz, P4, P8, O1 and O2). Epochs containing stereotyped artifacts were corrected using blind source separation with independent component analysis (Jung et al., 2000) . Further epochs (mean AE SD, 7.34 AE 2.46%) were rejected by visual inspection, on the grounds of eyeblinks and movements. Morlet wavelet decomposition of the EEG signal was performed with seven wavelet cycles across a 2-30 Hz frequency range in steps of 0.5 Hz. Two epochs were extracted from each trial: (i) the last 1 s of darkness, followed by 2 s of vision of hand/ object; and (ii) the last 1 s of vision (hand/object-view), followed by 3 s of visual plus thermal stimulation.
The alpha (8-13 Hz) and beta (15-25 Hz) power extracted from C3 and C4 channels was analysed in order to separately investigate the effect of the following:
1. Stimulus expectancy during darkness. The absolute power during 1 s of darkness in epoch no. 1 was submitted to 2 9 2 ANOVAs with factors of hemisphere (C3, C4) and blocked thermal stimulation level (innocuous, noxious stimulation). 2. Visual context relative to darkness. The power during vision (0.5 -2 s since the onset of the visual event) from epoch no. 1 was logarithmically rescaled to the darkness period (1 s), and submitted to 2 9 2 9 2 ANOVAs with factors of hemisphere, visual context, and intensity cue. 3. Visual plus thermal stimulation relative to vision. The power during 3 s of visual plus thermal stimulation from epoch no. 2 was logarithmically rescaled for the visual period (last 1 s of vision), and submitted to 2 9 2 9 2 ANOVAs with factors of hemisphere, visual context, and stimulus intensity (innocuous warmth, noxious heat).
Results
Pain intensity ratings
The ANOVA on intensity ratings revealed a significant main effect of stimulus intensity (warmth vs. noxious heat, F 1,10 = 75.18, P < 0.0001), and no main effect of visual context (F 1,10 = 2.22, P = 0.167). The interaction between the stimulus intensity and the visual context was significant (F 1,10 = 8.46, P = 0.016). As in Experiment 1, viewing the hand significantly reduced the subjective intensity ratings for noxious stimuli (t 10 = À3.27, P = 0.008) compared with viewing a neutral object (Fig. 3B) . In contrast, visual context did not influence the perceived intensity of innocuous warm stimuli (t 10 = 1.21, P = 0.255).
Effect of stimulus anticipation during darkness
The ANOVAs on both the alpha and the beta power did not reveal any significant effect (all of the main effects and interactions F < 1). This indicated that oscillations recorded from central electrodes (C3 and C4) during darkness were not modulated by the type of cue provided (about whether the successive stimulation would be 'warm' or 'hot').
Effect of visual context relative to darkness
Again, the ANOVAs on darkness-rescaled alpha and beta power during vision did not show any significant effect or interaction (refer to Table 1 for detailed statistical results). Therefore, central oscillations at rest were not modulated by the visual context, as compared with darkness (Fig. 4) .
Effect of visual plus thermal stimulation relative to vision
In the alpha band, we found a laterality effect (main effect of hemisphere, Table 2 ), i.e. alpha power was lower over contralateral (i.e. C4; mean AE SEM, À0.12 AE 0.24 dB) than ipsilateral (i.e. C3; mean AE SEM, 0.67 AE 0.17 dB) sensorimotor areas. No other effect or interaction was significant (Table 2 ).
In the beta band, there was a similar laterality effect, and a main effect of the visual context (Table 2 ). There was a significant interaction between the stimulus intensity and the visual context (F 1,10 = 5.16, P = 0.047); the increase in beta oscillations during vision of the body in comparison to the object (Figs 5 and 6) was significant only for noxious stimuli (mean difference AE SEM, 0.66 AE 0.20 dB; P = 0.007), and not for innocuous warmth (mean difference AE SEM, 0.18 AE 0.13 dB; P = 0.208).
The interaction hemisphere by intensity was also significant (F 1,10 = 7.18, P = 0.023); follow-up tests showed that there was no significant laterality difference for innocuous warm stimuli (t 10 = 1.61, P = 0.137), whereas there was a significant difference for noxious stimuli (t 10 = 4.53, P = 0.001). In particular, beta oscillations induced by noxious stimulation were reduced over the contralateral sensorimotor cortex (C4: mean AE SEM, 0.04 AE 0.11 dB), in comparison to the ipsilateral sensorimotor cortex (C3: mean AE SEM, 0.57 AE 0.17 dB; see Fig. 6 ).
The three-way interaction was not significant (Table 2 ), suggesting that the effects of the visual context on beta oscillations induced by noxious heat were similar for the ipsilateral and contralateral sensorimotor cortices. However, a paired t-test on the beta power induced by noxious stimuli in the hand-view condition revealed a laterality difference (t 10 = 2.67, P = 0.024), with reduced power over the contralateral sensorimoror cortex (C4; Figs 5 and 6).
Discussion
In summary, Experiment 2 revealed that viewing the hand modulated beta sensorimotor oscillations induced by noxious thermal stimuli, as compared with viewing the object. This modulation consisted of a selective enhancement of beta oscillations induced by noxious stimulation, in both the ipsilateral and contralateral sensorimotor cortices. This result suggests that viewing one's own body modulates cortical pain processing.
The block design of the present experiment allowed differentiation between the effects of the visual context and of pain expectation, which could not be separated in Experiment 1. Knowing in Fig. 4 . Experiment 2. Grand mean time-frequency representations of EEG spectral power over C4. Responses rescaled for the darkness baseline were averaged across 11 subjects. Topographical maps represent average oscillatory power in the alpha (8-13 Hz) and beta (15-25 Hz) bands during the highlighted section of the visual phase before thermal stimulation. advance the type of stimulation to come (warm or hot) did not influence EEG oscillations at rest during darkness, suggesting that the role of pain expectation in the EEG activity during our paradigm might be limited. Furthermore, sensorimotor oscillations were not influenced by the visual context during the baseline period (i.e. before any thermal stimulus), as compared with darkness.
General discussion
The two experiments yielded convergent results regarding the effect of the visual context of viewing one's own body on perceived pain intensity and on sensory EEG rhythms. In both experiments, the perceived intensity of noxious heat stimuli, but not of innocuous warm stimuli, was reduced when viewing one's own body, as compared with viewing an object. Noxious stimuli induced desynchronization of cortical oscillatory activity in the beta band. This pain-induced beta suppression was consistently reduced during vision of the hand, as compared with vision of the object. In other words, the visual context modulated thermally-induced EEG oscillations bilaterally over the somatosensory cortex, resulting in increased beta power for viewing the hand vs. the object. Taken together, these results allow us to understand the brain dynamics underlying the interactions between visual body representation and nociception.
Nociceptive processing
We compared the effects of noxious heat and innocuous warmth on alpha and beta oscillations. In both experiments, we found that noxious stimuli decreased beta power, as compared with innocuous warmth. The beta power decrease was largely bilateral (Experiment 1) for stimuli of slowly-increasing temperature (12 s long), whereas the effect was predominantly contralateral for shorter stimuli (3 s long) maintained at constant temperature (Experiment 2). In Experiment 1, the decrease in EEG power induced by noxious stimuli also extended to the alpha band. We interpret these as a relative reduction of beta rhythms linked to nociceptive processing, in line with previous findings (Crone et al., 1998; Mouraux et al., 2003; Raij et al., 2004; Ploner et al., 2006b; Hauck et al., 2007; Stancak et al., 2007; Senkowski et al., 2011) . Further, pain-induced oscillatory power correlates negatively with the excitability of the somatosensory cortex (Ploner et al., 2006a) . Therefore, oscillatory beta power reduction induced by noxious stimulation presumably reflects the stronger activation of somatosensory areas with more intense thermal stimulation.
Visual modulation of nociceptive processing
Viewing the hand reduced the perceived intensity of noxious heat, compared with viewing the neutral object. This finding extends reports of visually-induced analgesia reported previously (Longo et al., 2009 (Longo et al., , 2012 Mancini et al., 2011) . In contrast, intensity ratings for innocuous warm stimuli were not modulated by the visual context, suggesting that the analgesic effect of vision is due to a specific interaction with nociceptive processing, rather than a general biasing effect on all sensory magnitudes.
Moreover, in both experiments, the beta suppression induced by noxious stimuli was consistently reduced during vision of the hand, as compared with vision of the object. This effect was found bilaterally, and was most prominent at central electrodes. Importantly, no modulation in response to innocuous warmth was observed (Experiment 2). Therefore, vision of the body reduces pain ratings, and enhances sensorimotor, beta oscillations that are induced by noxious stimulation of the viewed body part.
In Experiment 1, but not in Experiment 2, we also found modulations in the alpha band, possibly caused by the unpredictable eventrelated design. When the occurrence of pain was unpredictable (Experiment 1), we observed modulations of alpha oscillations both during the baseline period of vision of the hand (decrease of absolute alpha power) and during thermal stimulation (increase of relative alpha power). When pain was predictable (Experiment 2), no alpha decrease was observed. Therefore, the alpha changes in Experiment 1 might reflect non-specific effects of pain expectation. Indeed, alpha EEG oscillations are known to be suppressed by pain expectation (Babiloni et al., 2008) , and more generally by factors such as attention (Ray & Cole, 1985; Jones et al., 2010) and stimulus anticipation (Bastiaansen & Hagoort, 2003; Rohenkohl & Nobre, 2011) .
We suggest that it is important to consider first the general relation between EEG oscillatory power and cortical activation, and next how our factors of thermal stimulation and visual context may thus influence cortical activation.
Regarding the first point, a relative increase in stimulus-induced oscillatory power has previously been interpreted as reduced (Pfurtscheller et al., 1996) or inhibited (Klimesch et al., 2007) cortical activation, although these previous studies focussed on alpharather than beta-band electroencephalography. Moreover, the view that event-related synchronization of sensory rhythms reflects cortical inhibition is supported by the fact that GABA agonists such as benzodiazepines robustly increase beta-band EEG power over the motor cortex (e.g. Jensen et al., 2005; Hall et al., 2010) . Finally, neuronal synchronization in the beta band is a known correlate of crossmodal processing, and it has been reported in studies using paradigms of passive stimulation (Senkowski et al., 2008) .
Regarding the second point, we show that noxious stimulation produced a decrease in beta-band power, relative to innocuous stimulation. We interpret this as an increased cortical activation in response to noxious stimuli as opposed to warmth. Viewing the hand seems to counteract the decrease in beta power observed in response to noxious stimulation during vision of the object (relative increase in beta-band oscillation). This result is consistent with the view that viewing the body reduces the somatosensory cortical response to nociceptive input, effectively inhibiting neural pain processing. Thus, EEG oscillatory power, although only an indirect measure of nociceptive processing, changes when viewing the body in a way that is consistent with the psychophysical findings of visual analgesia.
Interestingly, vision of the body has indeed been shown to modulate somatosensory intracortical inhibition (Cardini et al., 2011) . We speculate that these effects may depend on the representations of the body and peripersonal space formed in extrastriate visual-body areas and maintained by the posterior parietal cortex (e.g. Avillac et al., 2005; Longo et al., 2012) . In a recent transcranial direct stimulation study, we demonstrated that visually-induced analgesia may depend on neural signals from the extrastriate visual cortex; specifically, we found that the analgesic effect of viewing the body was enhanced selectively by anodal/excitatory stimulation of the occipital cortex . Parietal multisensory areas might also in turn modulate networks of inhibitory interneurons in early somatosensory areas. This increased somatosensory inhibition might then be responsible for reduced pain levels (Longo et al., 2012) . Viewing the body also influences other somatosensory systems; for touch, it has been demonstrated to have a different effect on spatial acuity, enhancing tactile two-point discrimination (Kennett et al., 2001) .
The finding that viewing the body reduces acute pain may seem counterintuitive, given that vision of threatening stimuli, such as needles, increases pain (Van Damme et al., 2010; Hofle et al., 2012) . However, in our study, the participants' attention was not explicitly directed towards or away from noxious stimulation. We did, however, manipulate the subjective certainty about the thermal stimulation. We observed similar modulations of nociceptive processing by vision of the body, both when participants could fully predict that the stimulation would be noxious (Experiment 2), and when they could not (Experiment 1). Conversely, facilitation of pain by attention to a potentially threatening stimulus is not elicited only by vision (Hofle et al., 2012) , but also by almost any other sensory input that has previously been associated with pain (Koyama et al., 2005; Atlas et al., 2010) . Here we have focused on a more specific, but less well-known, form of pain modulation -visual analgesia from the visual context of viewing the body. The present study indicates that pain perception and sensorimotor oscillations induced by noxious thermal stimulation are modulated by the visual context of viewing one's own body.
